Structural elucidation of type III group B Streptococcus capsular polysaccharide using molecular dynamics simulations: the role of sialic acid.
The conformational properties of the capsular polysaccharide (CPS) from group B Streptococcus serotype III (GBS III) are derived from 50 ns explicitly solvated molecular dynamics simulations of a 25-residue fragment of the CPS. The results from the simulations are shown to be consistent with experimental NMR homo- and heteronuclear J-coupling and NOE data for both the sialylated native CPS and for the chemically desialylated polysaccharide. A helical structure is predicted with a diameter of 29.3 A and a pitch 89.5 A, in which the sialylated side chains are arrayed on the exterior surface of the helix. The results provide an explanation for the observation that CPS antigenicity varies with carbohydrate chain length up to approximately 4 pentasaccharide repeat units. The conformation of the immunodominant region is established and shown to be independent of the presence of sialic acid. The data provide an explanation for the observation that the specificity of the determinant, associated with the major population of antibodies raised upon immunization of rabbits with GBS III, is dependent on the presence of sialic acid. In the sialylated native CPS, the antibody response is largely directed against the immunodominant core of the helix. From simulations of the desialylated CPS, a model emerges which suggests that the minor population of antibodies, whose determinant is not sialic acid dependent, recognizes the same immunodominant region, but that in the disordered CPS this region is not presented in a regular repeating motif.